The quantitative measurements presented in the preceding communication (1) made with potassium citrate as a precipitant at pH 6.8 and 0°C. on undiluted serum, differ greatly from the usual results found elsewhere in the literature. The following experiments are now adduced to show that these differences arise from the circumstance that in most of the previous work not all of the essential variables, namely, the pH, temperature, kind of salt, and protein concentration, were controlled in the same manner.
PHASE RULE STUDY OF PROTEINS OF BLOOD SERUM
Serums from two different lots of 30 female rats were used. The per cent of protein in the dialyzed serum, 6.62 per cent at a pH of 5.5, 
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Fzs. 1. Comparison of curves at pH 5.5 and pH 6.9. Blood serum from 30 female rats. Phase rule diagram at 0°C.
® --total composition pH 5.5 & --total composition pH 5.9 G) --liquid phase pH 5.5 A = liquid phase pH 6.9. Table I and Fig. 1 give the results of the precipitation of protein of rat serum at 0 ° by potassium citrate at the two different hydrogen ion concentrations, the standard curve at pH 6.8, the experimental curve at pH 5.5. As may be seen, in general the two curves follow the same slope except in the extreme left part. If lines are drawn connecting 862 PHASE RULE STUDY OlV PROTEINS OF BLOOD SERUM the points of total composition in the two experiments and a ruler is placed across all four lines in their middle sections, the proportionality of the protein in solution to that of the total composition may be seen. The conclusion may then be drawn that at 0°C. the solubility of protein as denoted by the middle section of the curve is independent of the pH but dependent solely upon the total amount of protein present.
There is less of the first fraction, A, and more of the second fraction, B, separating at a pH of 5.5. The break which is not apparent at a pH of 6.9 becomes visible at a pH of 5.5. This might be explained by the fact that part of the first fraction of protein is combined with lipoids by means of a bond which may be easily broken at the isoelectric point of the protein, changing its apparent solubility. A study of the solubility of this fraction in potassium citrate solutions is in progress.
The qualitative effect of pH at room temperature is reported later in this article in the paragraph on salting out of proteins from diluted serum by (NH0~SO4. A distinct decrease in solubility from that shown in the standard curve occurs in the albumin end, at room temperature and probably even at 0°C.
As may be seen from a comparison of the curves, the precipitation is not related to the citric acid in solution. In the experiments represented by points at pH 5.5 the citric acid was as much as 20 per cent of the amount of citrate when concentrations of citrate were highest. In the curve for pH 6.8 the maximum is about 3 per cent.
There are many observations in the literature upon the importance of pH control. In general it is known that the single proteins (3) are less soluble at their isoelectric points than at either higher or lower concentrations of H ions. In curves with whole serum very little change in solubility has been found between the pH's of 4.8 and 9.0(4). Butler, Blatt, and Southgate (5) have made a study of the effect of changing the pH on the complete salting out curve of serum with potassium phosphate. They find a parallelism between their curves at 39 ° with increasing solubility from pH 5.4 to 6.5 and to 7.7. However, they do not compare the curves at 0 ° where the effect of the salt on the proteins is minimal, but at 39 ° where the solubilities of the protein fractions have already been altered by the elevated tempera- The works of ~IcFarlane (6) show clearly that existing bonds or complexes are broken apart on dilution. Consequently, it is only in undiluted serum that the proteins as they occur naturally, may be studied.
Change in Temperature
Two experiments were carried out as nearly simultaneously as possible, on the same composite sample of female rat serum at the two temperatures 0°C. and 23°C. In each case the pH was 6.8. Table II gives the results, which are plotted in Fig. 2 .
In general less protein remains in solution at 23 ° than at 0°C. at a definite salt concentration. The fraction A proves an exception to this statement since the first portions of the two curves almost coincide. The solubility of A is, therefore, not as greatly affected by temperature as by the change in pH just discussed.
The quantity of fraction B becomes larger at 23 ° than at 0 °. It is not visible in female rat serum at 0°C. In the middle section of the 23 ° curve between the salt concentrations 24.5 per cent to 27.5 per cent, approximately, there is almost no further precipitation of protein with added increments of salt. For the first time, in this work, the flat place so often described in the literature may be seen. The protein, which precipitates gradually at 0 ° along the curve from 23 per cent to 27.5 per cent potassium citrate has come down suddenly at 23 ° from 23 per cent ' to 24.5 per cent salt. It has become less soluble, possibly due to aggregation.
From 27.5 per cent of salt to the most concentrated solutions, there is a gradual increase in the distance between the curves, indicating a growing rate of precipitation at 23 ° until the protein is practically out of solution at 36 per cent salt. The difference in solubility of proteins with temperature is most marked in the albumin fraction, D. The rise in temperature also increases the amount of fraction D as measured by the difference between an extension of C and the base line.
The effect of raising the temperature is, then, to cause a splitting apart in the complex denoted by C with the simultaneous increase in both fractions B and D.
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Many investigations have been carried out at low temperatures (7) as o.nly by so doing may proteins be preserved unchanged for even a short time. The increase of solubility of proteins with decreased temperature is also a matter of record (8) . The 23 ° curve shows a similarity to those of Butler and Montgomery (9) with phosphate solutions, and Howe's (10) with Na,S04, for it might be drawn as a series of curved lines. In Butler and Montgomery's work, room temperature and in Howe's work a temperature of 37°C. was chosen.
Butler, Blatt, and Southgate's curves (5) the curves. In their experiments complexes had already been split apart by dilution. It was then impossible to show the effect of a rise in temperature in accomplishing this alteration in the original state of the serum proteins.
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Changes in Nature of the Salt
Precipitation of male rat serum was carried out at 0 ° with (NH4)~SO, instead of potassium citrate as the precipitant without regard to keeping the pH constant. The pH changed from pH 6.9 in 15 per cent (NH~),SO4 solution to 6.3 in 29 per cent (NH4)~SO, solution (1) . The results of the experiment are shown in Table III and graphed in Fig. 3 .
The curve is of the same type as that made at pH 5.5 with potassium citrate in which the fraction A is lessened and fraction B is increased. The same straight line relationship of protein concentration to salt solution exists as with potassium citrate. (9) used phosphates, Howe (10), Na2SO4. Hardy (7) found as early as 1910 that (NH4)2SO4 is not suitable as a precipitant for euglobulin since the latter does not retain its original properties after being precipitated by that salt. In previous work, potassium citrate appeared to the author to be most satisfactory as a precipitant (1) . Table IV gives the data for the precipitation by potassium citrate of the proteins of rat serum at two different concentrations. The data are plotted in Figs. 4 and 5. The part of Fig. 4 which shows the fusion of the curves is enlarged in Fig. 5 .
Change in Concentration of Protein
Curve I, which is a composite made from two different lots of male rat serum under the standard conditions, is compared with curve II made from the same rat serum diluted 1 part serum to 2 parts 5 per also possible, however, that the greater solubility of the fraction, D, may mask the small differences in solubility of some other protein fractions which are not single substances. The albumin, D, must exist as an independent protein of definite solubility, although its solubility is probably influenced by the presence of other proteins. Many studies on the solubility of the precipitated fractions of serum or plasma as individual proteins in respect to the effect of protein concentration have been carried out. S~rensen (8) showed a definite solubility in salt solution independent of the original protein concentration in the case of crystalline egg albumin, but found a fractionation when the solubility of globulin was investigated (11) . Fibrinogen and hemoglobin have definite solubilities, also, as proved by the excellent work of Florkin (12) and Green (13) .
It should be noted that curve II made from diluted serum is not 
Effect of Change in Protein Concentration and Nature of the Salt
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Fro. 7. Diet--stock. Serum diluted 1-10. Blood serum from 30 male rats. Phase rule diagram at 23°C.
x ffi total composition ® = liquid phase.
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globulin ratio made by means of half saturation with (NHa)2SO4 at this dilution would manifest a larger globulin and consequently a smaller ratio than one made with undiluted serum, a fact noted by Butler and coworkers.
In determining the protein, the clear samples of the liquid phase were brought colorimetrically to a pH of 5.5 at room temperature. In the tubes, more concentrated with respect to salt, a heavy precipitation of protein took place. It was almost completely resoluble at 0°C. indicating, qualitatively, that at room temperature a change of pH affects the solubility of the albumin fraction conspicuously.
Effect of Change in Protein Concentration, Nature of Salt and Temperature
With (NH,)2SO, as the precipitant of serum, diluted 1 to 10 with 5 per cent (NH4)~SO, solution, at room temperature the expected curve materialized. The curve in Fig. 7 is plotted from the data in Table VI . A is largely missing, B is increased, probably at the expense of both A and C. A break in C becomes visible. There is present, then, both the effect of the raised temperature on C and the curve to the right of it and the effect of the (NH,)2SO4 on A. Again, this curve could be drawn as a series of curved lines.
DISCUSSION
The effect of changes in the variables on each protein fraction will be discussed separately. (7) and Chick and Martin (3) , found that the first fraction separating on adding salt was a combination of a protein and lipoid. Hardy observed that the solubility of this protein fraction in saturated NaC1 solution could be decreased in two ways, namely by extraction with ether and by previously salting it out with (NH4)2SO,. In the experiments described above its solubility curve has been reduced from that in potassium citrate solution at 0 ° and pH 6.8, by the use of (NI-I4)~SO4 and by changing the pH to 5.5. It is possible that the solubility of fraction A has been changed by splitting off some of its combined ~no~sw JA~a~SON 875 lipoid. I Neither the change in temperature from 0 ° to 23 °, nor dilution had any appreciable effect on A.
Fraction A (Probably Euglobulin).--Hardy and Gardiner
Fraction B.--The amount of fraction B, as indicated in the standard curves, may be augmented either when the solubility of A is changed to the isoelectric point of globulin, pH 5.5, or when (NH4)~SO~ is used, or when the fraction, C, is decreased at room temperature. These additions to fraction B may or may not be identical.
Fraztion C.--When the temperature of precipitation is changed from 0 ° to room temperature, not only is the production of B and possibly D at the expense of C apparent but there is a break in the ordinarily straight line denoting the separation of phase C. Since fraction C has been broken up into two or more constituents or components it is probably a complex substance. This hypothesis is in accord with all of our results. The curve in Fig. 6 gives an explanation for McFarlane's (6) observation that the globulin fraction increases on dilution of serum. The two components of C have separated from each other in part. That these components may recombine is suggested by his experiments in which there is an increase in the number of molecules of the size of albumin on mixing albumin and globulin solutions. The globulin particles may be aggregated when uncombined with albumin and redispersed when albumin is added. Hardy's (14) observation that globulin present in serum will pass through a porous pot which holds it after precipitation and resolution in alkali or salt solution, is further confirmation of this conception.
Fro.clion D.--The last fraction to separate on salting out, D, is definitely a single protein in high concentrations of salt, as proved by its constant solubility regardless of the amount of protein in the original mixtures. Its solubility is definitely less at room temperature than at 0%
In this work we have been concerned with the number of the protein fractions and whether they are individuals or not. We have determined that each of at least four different fractions, A, B, C, and D may be altered independently of the others. This fact is an indication PHASE RULE STUDY OF PROTEINS 01 e BLOOD SERUM of the individuality of the fractions although not a proof that one or more of them may not be a combination of two or more proteins or even continuous series of compounds.
The charges of the proteins as well as the salt concentrations enter into the solubilities of the individual fractions as Cohn's formula indicates. The effect of charge on solubility is negligible in those cases in which the pH can be changed without altering the solubility.
CONCLUSIONS
Changes were studied in the standard solubility curve of fresh serum proteins by alterations in pH, temperature, concentration of protein, and nature of the salt used for precipitation.
The principal factor affecting the precipitation of protein fractions was a change in temperature. In order to investigate the proteins in their original states low temperatures are necessary.
Protein fraction A is altered by a change in pH and with the use of (NH4)2SO4 as a precipitant, fraction B by a change in p H and temperature, and use of (NH4)~SO4, C by a change in temperature and concentration of the protein, and D by a change in temperature and pH.
The solubility of D is independent of the amount of protein in solution in high concentrations of salt.
Throughout the duration of this border line study of the application of the phase rule to a physiological problem, I have been indebted to Dr. T. Addis and Dr. J. W. McBain for helpful criticism.
